Introduction

26
The reconstruction of the palaeogeography and supercontinent amalgamation processes in the Precambrian 27 is generally guided by the age of magmatic and metamorphic rocks in orogenic belts, which formed along 28 the sutures of colliding continents or smaller terranes (e.g., Wareham et al., 1998; Dalziel et al., 2000) . possible crustal blocks are still enigmatic (Jacobs et al., 2008a) .
48
Parts of western DML were part of the Kalahari-Grunehogna Craton (KGC; Groenewald et al., 1995;  (600 − 480 Ma) "Pan-African" orogeny leading to the assembly of Gondwana (Groenewald et al., 1995;  1 The H.U. Sverdrupfjella mountain range was named after Norwegian oceanographer and meteorologist Harald Ulrik Sverdrup (1888 Sverdrup ( -1957 , who was the chairman of the first expedition to DML, the 1949-1952 Norwegian-British-Swedish joint expedition.
region (Zimbabwe and Mozambique) and several other large mafic sills in the Kalahari craton based on 120 geochemistry, palaeomagnetism and intrusion age (e.g., Smith & Hallam, 1970; Martin & Hartnady, 1986; 121 Powell et al., 2001; Jones et al., 2003; Frimmel, 2004; Hanson et al., 2004 Hanson et al., , 2006 Grosch et al., 2007) .
122
The Ritscherflya Supergroup has been subdivided into groups, formations and members by several work-123 ers (e.g., Neethling, 1970; Roots, 1970; Wolmarans & Kent, 1982; Bredell, 1982; Perritt, 2001) . The dif-124 ficulty of establishing a consistent sedimentation sequence for the entire supergroup are related to the dis-125 continuous outcrop conditions (Fig. 2) . The nunataks expose several hundreds of metres in vertical outcrop 126 in many places, and they provide several kilometres of continuous horizontal exposure, but they are also 127 separated from each other by typically 5 − 10 km wide stretches of ice (Fig. 2, 3a) . In addition, faulting
128
with uplift and tilting of blocks throughout the Ahlmannryggen further hampers correlation of units and the 129 establishment of a stratigraphic column (Wolmarans & Kent, 1982; Peters, 1989; Perritt, 2001) . Certain 
133
The contact between the Archaean basement and the Ritscherflya sedimentary rocks is not exposed, and 134 no basement is exposed anywhere in the Ahlmannryggen or Borgmassivet. The lower part of the Ritscher-135 flya Supergroup is formed by the Ahlmannryggen Group, dominated by shallow marine to braided-river 136 clastic sedimentary rocks with an estimated total thickness of ≥ 1200 m (Wolmarans & Kent, 1982; Per-137 ritt, 2001 ). In the Ahlmannryggen, this group is further subdivided into three formations, the Pyramiden,
138
Schumacherfjellet and Grunehogna Formations (Fig. 4; Perritt, 2001) . Note that Wolmarans & Kent (1982) 139 used a slightly different nomenclature that defines the Grunehogna Formation as the Grunehogna Member 140 and includes it into the Høgfonna Formation. The Høgfonna Formation is otherwise only exposed in the
141
Borgmassivet. The Ahlmannryggen Group is succeeded by the Jutulstraumen Group, which is formed by the
142
Tyndeklypa and Istind Formations (Fig. 4) . These consist of volcaniclastic beds and lava flows interbedded 143 with clastic sedimentary rocks. The youngest group in the Ritscherflya is the Straumsnutane Group exposed 144 further to the north. It consists mainly of andesitic lava flows and pyroclastic beds with a total thickness of 145 > 850 m (Wolmarans & Kent, 1982; Perritt, 2001 ). This group was not investigated in this study.
146
Regional metamorphism of the Ritscherflya sedimentary rocks is evident from the formation of sub-147 greenschist-to greenschist-facies mineral assemblages including chlorite, muscovite (sericite), epidote, sil-148 ica and calcite (Wolmarans & Kent, 1982) . Locally, metamorphic biotite and actinolite were described, doc-149 umenting a slightly higher grade of metamorphism (reported in Wolmarans & Kent, 1982) . Block faulting 150 and tilting of blocks was documented for parts of the Ahlmannryggen (Peters, 1989; Perritt, 2001 (Table 1) .
171
The lowermost sedimentary rock formation, the Pyramiden Formation, was sampled at its type locality,
172
the Pyramiden nunatak (Fig. 3b ) at the south-western limit of the Ahlmannryggen (locality Z7-28; Fig. 2 ).
173
The formation mainly consists of greenish-grey feldspathic greywacke alternating with grey siltstone and 174 black mudstone (Wolmarans & Kent, 1982) . Two samples were investigated: Z7-28-1, a medium-grey 175 greywacke with a relatively low proportion of detrital quartz (∼ 15 %) with grain sizes of 100 − 300 µm.
176
Z7-28-2 is a pale greenish-grey greywacke with similar grain size, but slightly higher proportion of quartz
177
(∼ 25 %) and a more intense replacement of the matrix by epidote.
178
The Schumacherfjellet Formation was sampled at two different places in the Grunehogna nunataks. 
202
The beds exposed at Viddalskollen show coarse-grained, grey sandstones interbedded with conglomerates
203
(or breccias) with pebbles of chert, mudstone and quartzite that are typically 0.5 − 2 cm in diameter. Yet,
204
some angular mudstone fragments reach up to 10 cm in size (Fig. 3f) . Some beds show a strong greenish- strong resorption by the rock matrix and boundaries of detrital grains can no longer be identified.
214
The Tyndeklypa Formation was sampled on nunatak 1320 near Istind ( Fig. 2; titanite, which were likely included during magmatic crystallisation of the zircon from the host magma.
239
Secondary mineral inclusions with ragged outlines also occur, consisting of chlorite, epidote, albite, quartz 
Methods
244
Samples were fragmented with a jaw crusher to a < 500 µm grain size. during the analytical sessions yielded a mean 206 Pb/ 238 U age of 417.6 ± 3.5 Ma (95 % confidence limit).
262
Correction for in situ common Pb has been made using measured 204 Pb counts and using modern day com- parison of U/Pb to UO 2 /UO ratios.
266
Two different measurement modes were applied (see also Ustaömer et al., 2012) : (1) increase the number of analysis in the analytical session, which is necessary in a study on detrital zircon.
273
Data were processed offline by R.W. Hinton (Edinburgh) using an in-house data reduction spreadsheet.
274
Plots and age calculations were made using the ISOPLOT program (Ludwig, 2003) .
275
Results
276
Detrital zircon age data
277
A total of 586 zircon grains from twelve samples in five different formations were analysed for their U and 
284
The dating results show an age distribution with a dominant age peak at 1130 Ma, i.e., close to the sedi-285 mentation age (Fig. 6) . In this paper, we refer to zircon grains in the age range 1100 − 1200 Ma as "Stenian" Palaeo-and Mesoarchaean ages (3445 − 2800 Ma) were also discovered, corresponding to the age of the 290 KGC basement. These comprise 2.3 % (n = 11) of the concordant detrital population (Fig. 7) . Archaean 291 grains (> 2500 Ma) that past our quality test altogether amount to 6.8 % (n = 32) of the population (Fig. 7) . All five investigated formations show the dominant zircon population peak close to the sedimentation age, 318 with insignificant differences in the age of the peaks between 1144 and 1125 Ma (Fig. 9) . The older part 319 of the age spectra, however, show significant differences among the different formations. The Pyramiden
320
Formation displays a significant peak at 1355 Ma, which is absent from the Schumacherfjellet and Grune-
321
hogna Formations, and much less significant in the Tyndeklypa and Istind Formations (Fig. 9) . Similarly, Grunehogna Formations (Fig. 9) . The Schumacherfjellet, Tyndeklypa and Istind Formations show a distinct 325 peak at 1880 Ma, which is absent from the other two formations (Fig. 9 ). All formations show peaks be-
326
tween ∼ 2050 and 2150 Ma and peaks at ∼ 2700 Ma (Fig. 9 ). Grains older that 2.7 Ga are too infrequent to 327 allow for a statistically robust distinction between the different formations. Nonetheless, older grains were 328 found in all formations except for the Istind Formation (Fig. 9) .
329
Discussion
330
Deposition of the Ritscherflya sediments in a continental-arc setting
331
The age spectrum of the Ritscherflya zircons show a dominant peak that is very close to or indistinguishable 332 from the deposition age of the sedimentary rocks (Fig. 6 ). This bears strong evidence for the derivation 
359
Juvenile Mesoproterozoic crustal segments (based on Nd model ages) are exposed in central and eastern 360 DML, stretching several hundred kilometres to the east of the Jutulstraumen (see Fig. 1 ), which are also interpreted as accreted Proterozoic island arcs ( Fig. 11 ; Jacobs et al., 2008b 
369
The Archaean cores enclosed in Stenian rims of zircon grains discovered in the Ahlmannryggen (Fig. 8a,b) 370 are strong evidence in support of this model. They demonstrate that the Stenian volcanic arc was indeed 371 located on Archaean continental crust, rather than in Mesoproterozoic, intra-oceanic island arcs (Fig. 11,   372 12). The age spectrum of the Ritscherflya detrital zircons contain ∼ 20 % Palaeoproterozoic and Archaean 373 grains (Fig. 7) , which is evidence for a significant cratonic component in the provenance of the sediments,
374
and the dominant Stenian peaks in the spectra demonstrate the proximal volcanic provenance. However, the
375
Archaean cores with Stenian rims are much more significant than those separate pieces of evidence, because 376 they show that the Stenian volcanic arc was located on an active margin of an Archaean craton (Fig. 11) . and Mesoproterozoic orogenies in the Kibaran, Rehoboth and Kheis provinces (Fig. 6 ).
406
Models that propose an independent Archaean-Proterozoic history of Grunehogna contact not exposed & Krynauw, 1981; Wolmarans & Kent, 1982; Groenewald et al., 1995; Perritt, 2001) . Note, that basement granite is only exposed at Annandagstoppane ∼ 80 km west of the westernmost sedimentary rock outcrop (see Fig. 1 ). Not shown are the large mafic sills (Borgmassivet intrusives) that dominate most of the outcrops today. Sample numbers and localities are given on the right hand side. The nomenclature and allocation of samples to formations follows Perritt (2001). *after Wolmarans & Kent (1982) , the Viddalskollen nunataks expose rocks of the Pyramiden Formation, the Grunehogna Formation is the Grunehogna Member and as such part of the Høgfonna Formation, and the Straumsnutane Group was the Straumsnutane Formation and as such part of the Jutulstraumen Group. However, here we follow the conclusions and nomenclature of Perritt (2001). Pie chart displaying the relative proportions of zircon age populations in the investigated samples. Only zircon analyses that are less than 10 % discordant are considered (n = 471). Approximately two thirds of the grains (or rims of grains) crystallised close to the sedimentation age of the Ritscherflya Supergroup and are labeled "Stenian" (see dominant age peak in Fig. 6 ). Proterozoic grains (or cores) older than 1200 Ma comprise approximately one quarter of the population, while 6.8 % of the grains (or cores of grains) are Archaean. *1.5 % of the grains show slightly discordant ages around 1200 Ma that make their classification ambiguous. Grunehogna Fm.
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field of sediments deposited at convergent margin settings (Cawood et al., 2012) extensional settings collisional settings et al., 1998; Grosch et al., 2007) and exposes subduction-related metavolcanic gneisses that represent remnants of the Mesoproterozoic active volcanic margin of the KGC. The exact location of the suture between the KGC and the younger crustal blocks of central DML is not known, but it may be represented by the 'L5' or Forster magnetic anomaly, which runs in a NE direction between eastern and western H.U. Sverdrupfjella (Ferraccioli et al., 2005; Riedel et al., 2013) . & Kent (1982) , the Viddalskollen nunataks expose rocks of the Pyramiden Formation, the Grunehogna Formation is the Grunehogna Member and as such part of the Høgfonna Formation. However, here we follow the conclusions and nomenclature of Perritt (2001) . **granosediment is a sediment that was partially melted by contact metamorphism due to the intrusion of a mafic sill (Krynauw et al., 1988; Curtis & Riley, 2003) . Mineral abbreviations are: Qtz = quartz; Pl = plagioclase; Rt = rutile; Kfs = K-feldspar; Chl = chlorite; Ep = epidote; WM = white mica; Cal = calcite; Ttn = titanite; Prh = prehnite; Pmp = pumpellyite. †altered.
